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Considering the morphological changes of rivers, the use of satellite N
images and information processing using geographic information
system can be effective in quick and accurate evaluation of studies
related to flooding.
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Analyzing the lateral changes of Aras River channel in Ardabil

province using morphological indicators
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Abstract

Considering the morphological changes of rivers, the use of satellite images and information processing
using geographic information system can be effective in quick and accurate evaluation of studies related
to flooding. Quantitative geomorphic indices including the central Cornice angle, bending coefficient,
Channel migration rate, Linear directional average and transect were calculated to assess Aras River
morphometry. The indices were obtained in years 2000, 2010, and 2021 using RS and GIS. Results
showed that the most important processes affecting the changes and lateral displacements of the Ares
River channel is formation, development and advance of meanders across the floodplain, creating
shortcuts and changing the routes of the channel. The development of shortcuts and changes of river
path have caused a significant increase in the lateral changes of the river channel. Floods play the most
important role in the shortcut formation and change of channel along Aras River. The results show that
the Aras River has high mobility and lateral dynamics, which the river channel has moved more than 5
meters on average every year. However, all the quantitative geomorphic indicators show a decrease in
changes and lateral displacements of the channel during recent years. The most important reason for the
significant decrease in the values of quantitative geomorphic indices in the second time period (2010 to
2021) was in connection with the significant decrease in the occurrence of short-cuts and changes in the
cut-off route. In general, it can be said that the decrease in the river discharge and the decrease in the
intensity and frequency of floods have played the most important role in reducing the development of
shortcuts and changing the path of the channel. The reduction of extreme floods has reduced the
tendency for the braided pattern and increased the meander development.
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Fig 1. Location of the study area
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Fig 2. Representation of Aras River channel using NDWI index
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Fig 3. Land use of the study area, the location of river reaches and transects
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Table 1. The rate of development of meander arcs based on the central angle
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Fig 4. The central angle of the Cornice along the Aras River
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Table 2. The central angle and the length of the channel along the reaches of Aras River
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Fig 5. Changing the river path along the transect number (2)
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Fig 6. Strips covered with trees and shrubs in abandoned canals
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Fig 7. Crescent ponds (Oxbow lakes) around the channel of Aras River
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Fig 8. The local tendency of the river pattern to Braided in a part of the second reach
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Fig 10. Temporal-spatial variability of channel migration rate index values along Aras River
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Analyzing the lateral changes of the Aras River channel in

Ardabil province using morphological indicators
Extended Abstract

Background and purpose:
Considering the morphological changes of rivers, the use of satellite images and information processing
using geographic information system can be effective in quick and accurate evaluation of studies related
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to flooding. The analysis of lateral changes of rivers can be used in predicting the behavior of the river

and changing its path in the future. Erosion and sedimentation along the banks lead to the laterally
migration of the alluvial channels in the floodplain. Lateral migration occurs at different rates and
originates from different processes. In addition, the presence of vegetation and the type of land use
along the river are among the factors that can affect the morphology of the river and its changes. The
construction of the dam and its regulatory effect and flow diversion can cause the changes in the river
regime and will lead to various issues such as the occurrence of flow deficit, reduction of river flow,
changes in river flow indicators, base flow index and other environmental issues. The migration
mechanism of the river changes with the change of flow regime and the type of planform. Meanders
can move regularly across their floodplain as a result of erosion of concave sides and deposition on
convex sides (propagation process) or they can migrate downstream of the valley (transitional
movement). Braided rivers can also have mobility laterally due to the phenomenon of changing the path
of the channel, the river cutting, migration and width change. The rate of lateral migration of the channel
depends on several factors, in this context, important factors such as the resistance of the concave side
materials against erosion, the continuity and magnitude of all types of flood flows, the bending radius
of the channel, and the capacity of the river flow to transport sediments can be mentioned. Lateral
movement and migration of the river channel can happen in various ways. Some types of these
movements are: narrowing or reducing the channel width, widening or increasing the channel width,
meandering migration, changing the river patch and river cutting. The type of movements depends on
the input conditions and the existing pattern and geometry of the river channel. In the present study, the
lateral changes of the Ares River channel in the Ardabil province were evaluated.

Materials and methods: After preparing and pre-processing the satellite images, water was separated
from other land features, which included Normalized difference water index (NDVI), water index, and
Normalized difference water index (NDWTI). In order to evaluate the planform of the duct in the present
study, the indicators of the bending coefficient and the central angle of the Cornice were used. In the
following, the migration rate index was used to evaluate the morphological changes of the duct. The
Linear Directional Mean method was also used as another quantitative index to quantitatively calculate
the changes in the Aras River channel. Finally, the transect method was used to investigate the changes
and lateral displacements of the river channel. The mentioned indices were obtained for three time
periods of 2000, 2010 and 2021 using remote sensing (RS) and geographic information system (GIS)
techniques.

Results and discussion: Accordingly, Ares River is among the rivers with a developed meandering
pattern. Also, during the three investigated time periods, the central angle of the river channel has
increased with a gentle rate. According to the central angle of the Cornice along the Aras River, sudden
fluctuations in the values of this quantity indicate the development of meanders or, on the contrary, the
cutting event. The increase of the central angle indicates the development of the meander due to the
process of erosion of the concave side and sedimentation of the convex side. Also, the sudden decrease
of this quantity indicates the river cutting event that caused the cut-off to shorten. However, the length
of the river has decreased from 30.2 km to 28.5 km during the mentioned period. The main reason for
this decrease was related to the development of several shortcuts and cutoffs along the Aslandoz reach
(Reach 1). Local cut-off and shortening of the conduit has increased the slope of the bed, which in turn
leads to erosion and scouring of the cut-off. There are many abandoned canals in Aras floodplain, which
are often occupied by shrubs or trees due to the presence of suitable soil and sufficient humidity. The
striped cover of shrubs and trees in Aras floodplain is related to this phenomenon. The findings show
that the most important processes affecting the changes and lateral displacements of the Ares River
channel include the formation, development and advance of meanders across the floodplain, creating
shortcuts and changing the routes of the channel. The development of shortcuts and changes of routes
have caused a significant increase in the lateral changes of the river channel. Floods play the most
important role in the occurrence of a shortcut and change of channel along Aras River. The results show
that Aras River in Ardabil province has high mobility and lateral dynamics. In such a way that during
the last 20 years, the river channel has moved more than 5 meters on average every year. However, all
the quantitative geomorphic indicators show a decrease in changes and lateral displacements of the
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channel during recent years. The most important reason for the significant decrease in the values of
quantitative geomorphic indices in the second time period (2010 to 2021) compared to the first time
period (2000 to 2010) was in connection with the significant decrease in the occurrence of short-cuts
and changes in the cut-off route.

Conclusion: During the study period, sedimentation processes prevailed on the south side of Aras River
(the part located in Iran) and erosion processes prevailed on the north side (part of the Republic of
Azerbaijan). Based on field observations and processing of satellite images, the ecological zone of the
Aras River channel has been allocated to agricultural use, while in the northern part, a significant part
of the banks of the river and the floodplain of the Aras River includes scattered, and dense shrub cover,
and the river has had more lateral changes. In general, it can be said that the decrease in the river
discharge and the decrease in the intensity and frequency of floods have played the most important role
in reducing the occurrence of shortcuts and changing the path of the channel. The reduction of extreme
events, such as the intensity and frequency of floods, in turn, has reduced the tendency for the braided
pattern and increased the tendency for the developed meander pattern.

Keywords: Braided rivers, River morphology, River channel change, Floodplain, River dynamics.
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